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Abstract
COVID-19 and Executive Functions
Shannon Ackerman
Dr. Adam Lawson
Department of Psychology
“COVID brain,” a term coined by those who survived COVID-19 and still feel the lasting
effects, ultimately raises the question of what COVID-19 is doing to the brain, specifically the
executive functions. There have been little to no studies done to examine the relationship
between post-COVID-19 and the brain. The current study examines whether COVID-19 leaves a
long-lasting effect on processing speed, even after the person has recovered from the virus. In the
laboratory setting, participants are expected to take the n-back task and the Stroop test to
measure their executive functions, specifically their processing speed. The expected findings will
be that participants who have had COVID-19 will have a slower processing speed compared to
the participants who did not have COVID-19. The examination of the association between
COVID-19 and processing speed could imply that COVID-19 is not just a respiratory disease,
but also targets executive brain function. Further research could imply that post-COVID cases
should be evaluated further by neuropsychologists and neurologists.
Key Words: Coronavirus Disease, COVID-19, Selective Attention, Stroop Task, Working
Memory, n-back Task, Executive Function, Event-Related Potentials
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Table 1. Independent Sample t-Test results are taken from the n-back 2-back task, between the
COVID-19 group and the vaccination group that created in the Jamovi software system. This
was done in Experiment 1.
Figure 1. Representing the vaccination versus the non-vaccination group on a scale of reaction
time and accuracy from the n-back 2-back task that was created in Jamovi software system. This
was done in Experiment 1.
Figure 2. The Stroop task analysis was done through an ANOVA in Jamovi, to show if there was
significance between reaction time and accuracy. There was also a cross-examination in the
Stroop task to see if the color condition and vaccination group also showed significant results.
This was performed in Experiment 1.
Figure 2. Shows the ERP average of every participant from Experiment 2 within 8 electrodes.
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COVID-19 and Executive Functions
Acute Respiratory Syndrome (SARs) SARS-CoV-2, otherwise known as Coronavirus
Disease 2019 (COVID-19), is the 7th coronavirus that’s been known to infect humans (J. Czubak
et Al 2021). This form of human coronavirus (HCoV) has caused a global pandemic that resulted
in worldwide reactions resulting in economic shutdowns. The COVID-19 outbreak originated in
Wuhan, China in November of 2019. COVID-19 is currently thought to be the most contagious
form of HCoVs (Human coronaviruses) because of its high transferability rate from human-tohuman contact via air droplets (enter citation).
Coronavirus Disease 2019 is a disease characterized by severe SARS that is highly
contagious (Pantelis et al. 2020). This disease comes with an abundance of symptoms that range
depending on the nature of the illness. Symptoms range from a mild cold to even death, with the
most common symptoms begin a fever, headache, cough, or chills. In late March of 2020,
COVID-19 started attacking the olfactory and gustatory cortexes, resulting in the loss of taste
and smell, the most prominent symptom. This eventually raised the question of whether COVID19 was just a respiratory disease, or if it has any other potential side effects. Nevertheless, as
more people started recovering from COVID-19, some started feeling lasting symptoms.
COVID-Brain which was coined by those who feel the lasting effects raises the question
of whether COVID-19 still lingers even after recovery (Egbert et al 2020). Many of those who
recovered from COVID-19 started feeling long-term effects of COVID-19, such as fatigue,
difficulty remembering things, weakness, pins, and needles in limbs, dizziness, confusion, and in
severe cases psychosis or even seizures. However, the symptomology is still expanding.
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The broad symptomology outlined reflects several cognitive symptoms that relate to
attention and memory systems. The purpose of this thesis is to better understand the potential
long-term effects of COVID-19 on such cognitive functions.
COVID-19 Effects on Attention and Memory Systems
There are many long-term neurological manifestations of COVID-19. The two primary
cognitive functions this study focuses on are attention and memory. The reason is that attention
and memory are the core components of cognition and decline with normal aging (Jaio et al
2015; Waltz et al 2021). However, if pathology, such as Alzheimer's, traumatic brain injury, or
other diseases of the brain, these cognitive processes can be significantly impaired.
Working memory is often understood as a mental workbench. Working memory is an
active process where objects can be manipulated, and calculations can be performed which
allows individuals to navigate everyday life and solve problems. One of the effects of longCOVID has been its implications on memory (Zhao et al 2022). One potential theory is that
COVID-19 increases inflammation in the brain after recovery from the virus, however, the
downstream effect of inflammation of biological processes is an avenue for exploration—
especially as it pertains to cognitive functioning (Klein et al 2021).
Coronavirus Disease 2019 is classified as a respiratory disease. Respiratory diseases have
been shown to cause altercations in working memory. A study by Lv et al (2020) on Chronic
Obstructive Pulmonary patients were shown to have altercations with their working memory by
using the n-back task. Using magnetic resonance imaging (MRI), their participants had a
reduction of grey matter in the dorsolateral prefrontal cortex (PFC).
Attention and memory can be heavily integrated. However, attention can be defined as
the concentration or awareness of a singular stimulus, while ignoring the surrounding saliant.
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Long-COVID sufferers found that even the slightest severity of the symptoms could have
significant neurological impacts, especially in attention (Pilotto et al 2021). In a study by
Dondaine et al (2022) the researchers found that participants who had received oxygen therapy
while they had COVID-19 had difficulties with attention according to the Conners Continuous
Performance Test (CCPT 3).
Understanding Attention Via the Stroop Task
Post-COVID has a variety of symptoms, however, fatigue accounts for the majority
(Ceban et al 2022). Fatigue is an umbrella term that can affect executive functions such as
memory, cognitive performance, and attention. Fatigue has been known to be a primary cause of
attentional problems. To assess this reported fatigue, we utilized the Stroop test. The Stroop test
is a well-known measure of attention that has been cited in thousands of prior studies.
The Stroop task is a measurement of attention by assessing cognitive interference and task
performance (Ménétré et al (2019). There is considerable research that examines COVID-19 and
the Stroop test, but many studies examined opinions about COVID-19, and not the cognitive
effect of COVID-19 (e.g., Arias et al 2020; Maggio et al 2021; Ypsilanti et al 2021). These
studies showed reactions to the pandemic. There was only one study that assessed COVID-19
symptoms using the Stoop test (Ortelli et al 2021).
In a study done by Ortelli et al., (2021) the participants would perform the Stroop task
and did 324 trials under three different conditions; two of the conditions were congruous while
the third one was an interference condition. The participants were measured by seeing if they
could inhibit their interference.
In this study, they found that their post-COVID participants who took the Stroop task had
a significantly longer reaction time (p < 0.015) as opposed to their healthy control subjects.
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Understanding Working Memory Via the n-back Task
The N-Back task is a neuropsychology test that measures working memory, storage, and
retrieval processes (Kimura et al 2021) often inhabited in the dorsolateral prefrontal cortex
(DLPFC). Working memory is the immediate conscious processing of information to perform
executive tasks. This test was only used for the first two studies out of the three studies that took
place. This version of the N-Back task was the 2-back task, that was pre-made on PsyToolKit.
The participants would recall a previously shown letter after being presented with two new
letters (Stoet 2017).
One of the effects of long-COVID has been its implications on memory (Mazza et al
2021; Zhao et al 2022). A study done by Jaywant et al (2021) found that 81% of their postCOVID-19 patients that required in-patient rehabilitation had cognitive deficits. Participants in
this study took the Brief Memory and Executive Test (BMET), which is a rapid cognitive
screening tool to assess impaired cognitive functions and Alzheimer’s disease. The study found
that working memory was highly impaired.
The current thesis examined the potential for attention and memory effects from having
COVID-19 using the Stroop test and n-back test, respectively. There were two experiments
performed in this thesis. Experiment 1 was an online and at-home behavioral study conducted
using the N-back task and Stroop test through PsyToolKit. After the presentation of the two
assessments, the participants took a short demographic survey. Those who answered that they
tested positive for COVID-19 filled out a COVID-19 Health Survey which assessed their time
with COVID-19 and their symptomology and whether if they still struggled with COVID Brain.
Experiment 2 was a small physiological experiment. An electroencephalography study
was done in combination with the Stroop task. After the examination, each participant was asked

10
to fill out the same demographic survey as in Experiment 1. Participants who answered that they
had tested positive for COVID-19 were then given a COVID-19 Health Survey to fill out just
like in Experiment 1. Thus, the differences in the two experiments were that Experiment 1
assessed behavioral data (accuracy & response time) with two tasks, and Experiment 2 assessed
behavioral and electroencephalography data in one task (Stroop).
The Stroop color-word test is a neuropsychological test that measures attention,
performance, and cognitive interference (Periáñez et al 2020). There were two versions being
used: one was a premade version by PsyToolKit and the other was created through the BioPac
Acqknowledge Data Analysis System. The PsyToolKit version was used for Experiment 1,
which collected behavioral data. In the PsyToolKit version, the participants were presented the
name of a color and were asked to respond to the print color by using the first letter of the color
print name (Stoet 2017).
The second version of the Stroop task, being BioPac Acqknowledge Data Analysis
System that was used in Experiment 2 was used for physiological data. The participants still had
to respond to the ink text of the color name presented to them. The stimuli would be presented in
the middle of the screen and the participant would be given the choice of two colors to respond
to in the right and left corners and to press “q” or “p” to correspond with their response. This was
presented while the participant is hooked up to an Electroencephalography (EEG) cap.
The EEG is a non-invasive, macroscopic neurophysiological measurement of electrical
activity on the surface of the scalp (insert citation). The EEG was used to decipher event-relatedpotentials (ERPs), to look at the time dynamics of the brain of the participants in response of the
Stroop task (insert citation). The calculations were done in Excel and the final data analysis was
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executed in Jamovi. The calculations were done in Excel and the final data analysis was executed
in Jamovi.
There are many respiratory infections and diseases that can have harmful neurological
effects. Chronic obstructive pulmonary disease was shown to affect cognitive functioning and
working memory due to brain hypoxia (Ly et al 2020). Encephalomyelitis could result from
COVID-19, as it can be triggered by a viral infection (Paul et al 2021). Encephalomyelitis is the
demyelinating disease of the brain and spinal cord (Poyrazoğlu et al 2022).
The exchange of positive and negatively charged ions between cell membranes enables neurons
to communicate. This exchange of energy is propagated by neurotransmitters, small chemical substances
that serve as messengers between neurons. The nerve conduction velocity measures the speed of

electrical impulses through the nerves and can show nerve damage.
There is limited experimental data on COVID-19, specifically on COVID brain or LongCOVID, especially in terms of neurophysiological data. Most articles were case studies that
evaluated COVID-19 patients looking at participants at the time the participant was actively
having COVID-19. There are currently active clinics researching Long-term COVID-19 such as
Cedars-Sinai, Mayo Clinic, and the University of Washington.
As the COVID-19 pandemic continues, so does long-COVID/COVID-Brain. The small
list of symptoms coined in 2020 has ever since expanded, allowing Long-Covid to affect nearly
every function of the body. Some of the other symptoms include parosmia, digestive system
problems, mental health problems, or hair loss (Lopez-Leon et al 2021).
In this study two hypotheses were formed: 1) People who had COVID-19 would have
altercations in executive functions, especially in task performance using working memory and
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attention when performing in the behavioral study. 2) People who had COVID-19 would have a
slower reaction time than those who did not have COVID-19.
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Experiment 1
Experiment 1 examined the impact of COVID-19 on attention and working memory
performance with a relatively large sample size using an online approach. Participants performed
both the Stroop test and n-back task, along with questions related to COVID-19 to assess
whether long-COVID-19 had significant effects on cognitive functions such as attention,
performance, and potentially memory.
Method
Participants
This study was approved by the Institutional Review Board (IRB) and all participants
gave informed consent prior to taking part in the study. The inclusion criteria were being 18
years old or older and were collected from the Eastern Kentucky University student population.
There were 165 participants (146 Female, 19 male), 31 who had tested positive for COVID-19
participants, and 134 who were healthy controls. Three more participants were excluded from the
data as their results were less than 60% accurate in both tasks. Those who claimed that they did
not test positive for COVID-19 (n = 134) were composed of the Healthy Control group (HC).
Stroop Task
The Stroop test is a task that assesses cognitive interference, processing, and attention
(Vanderhasselt 2009). The Stroop task was performed twice in this experiment. Once on
PsyToolKit (Stoet 2017) and a second time using the E-Prime software system (Schneider et al,
2012). The assessment on PsyToolKit was used to evaluate behavioral data and was taken as an
“at-home-assessment.” The E-Prime Stroop test was used to collect physiology data, as the
participant was hooked up to the electroencephalogram (EEG),
In Experiment 1, the participant is given four color names (red, green, blue, and yellow).
The color names are in different print colors, and the participants must respond to the print
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colors, and press the correlating buttons to match the print colors. For instance, if the color name
green appears and is printed in red, the participant will press the button “r” for red.
In Experiment 2, the participant would perform the task like the Stroop test performed on
PsyToolKit. However, instead of pressing the first letter that corresponds to the color ink text,
the actual name of the color ink text and the name of the color would appear to either the bottom
left or right of the screen. The participant would either select the key “Q” or “P” to correspond to
the color/color-ink text that would appear on the screen.
Using the E-Prime software, the Stroop test being performed had two conditions where
there was the different color condition and the same color condition. Each participant had 90
trials each, and of the 90 trials, 4 of the trials were for blinking so that the EEG was working
correctly.
n-Back 2-back task
The n-back task is a performance task that is used to measure working memory, attention,
and cognitive functioning (Wang et al 2019). The N-Back Task performed on PsyToolKit (Stoet,
G. 2017) consists of 15 visual stimuli (A, B, C, D, E, H, I, K, L, M, O, P, R, S, and T) which
were presented for 2000 milliseconds each. The participants would get 3 seconds to respond, and
a stimulus is presented every 3000 milliseconds. There were 3 blocks of each 25 trials. If the
stimulus matched the letter from 2 trials previously, the participant would press the “m” button—
a green box would then appear around letting the participant know they got the answer correct. If
the participant pressed the “m” button because the letter from 2 trials ago was different, a red box
will appear letting the participant know there was an error. If the participant did not press the
“m” button but they should have because the letter from 2 trials ago was the same, a red box will
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appear because the participant missed the time slot, and it will be marked as an error. The Nback task was later dropped from the electroencephalography (EEG) study.
Data Analyses
If the participant had less than a 65% accuracy score (ACC) on their Stroop false data
score and/or correct data score, their data would be excluded from the study. Of the 165
participants, 4 participants fit this criterion and were excluded from the study. If the participant
had a Response time (RT) that exceeded over 2000ms (2 seconds) their data would also be
excluded from the study.
Results
An Independent Sample t-Test was conducted to measure the difference between the
groups that tested negative for COVID-19 and the HC group (see Table 1). There was also an
Independent Sample t-Test conducted between the vaccination groups. These measures assessed
the accuracy and the reaction. There was no significance between the COVID-19 and HC groups.
N-back ACC statistic 0.279 (p<0.05). N-back RT statistic 0.134 (p<0.05).
For all participants, the reaction time was faster for the no-match than for the match (See
Figure 1). However, the accuracy was lower than the match. With the 2-back reaction time, the
data contradicts itself. The overall reaction time of those who are unvaccinated is lower than that
of those who are vaccinated. However, the actual match vs no match shows that the vaccinated
participants had a slower reaction time for the match than those who are non-vaccinated,
however, it is marginal. For no match, the vaccinated participants had a faster reaction time than
those not vaccinated.
A repeated measures Analysis of Variance (ANOVA) was conducted with Color Match
(Yes, No) serving as the repeated measure and COVID-19 History (Negative, Positive) serving
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as the between-group variable. This analysis approach was conducted for accuracy and response
time measures. Like prior studies, participants were both more accurate and faster in the Color
Match condition than in the Non-color Match (see Table 2).
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Table 1
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Figure 1
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Table 2
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Experiment 2
Experiment 2 was conducted to examine psychophysiological data in relation to attention
and COVID-19. Electroencephalograms (EEG) were collected and analyzed as Event-related
Potentials (ERPs). As in Experiment 1, the Stroop test was utilized to examine attention. The nback test was not included because
The decision to use event-related potentials (ERPs) in assessment of cognitive
functioning in Experiment 2 was due to the excellent temporal resolution offered by EEG (Burle
et al 2015). Brain activity corresponding to aspects of attentional and perceptual cognitive
processes runs on a scale of tens of milliseconds. EEG enables the recording of brain activity one
millisecond to the next, allowing precise measurement of time differences among individuals
completing cognitive tasks.
The firing of neurons and subsequent exchange of energy generates electrical fields that
can eventually reach the surface of the skull and be recorded by external EEG electrodes. For an
ERP to be recorded, a large group of neurons must be activated synchronously to generate an
electrical field.
As individuals are faced with a task that demands both inhibition of irrelevant
information and conscious direction of their attention, large numbers of neurons are activated
concurrency in regions associated with executive functions. This increase in activity creates an
electrical pulse strong enough in nature to be recorded at the scalp and distinguished from other
ongoing brain activity being recorded, creating an ERP.
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Method
Participants
Given time and resource constraints, only six participants were collected for Experiment 2. Three
participants had a prior diagnosis of COVID-19, and the other three participants were non-COVID-19
controls. Like Experiment 1, all participants were 18 years of age or older and all supplied informed
consent prior to beginning the study.

E-prime Stoop Computer Task
Using the E-Prime software, the Stroop test being performed had two conditions where
there was the different color condition and the same color condition. Each participant had 90
trials each, and of the 90 trials, 4 of the trials were for blinking so that the EEG was working
correctly.
The participants would respond to the ink text of the color name presented to them. The
stimuli would be presented in the middle of the screen and the participant would be given the
choice of two colors to respond to in the right and left corners and to press “q” or “p” to
correspond with their response.
Procedures
In Experiment 2, participants filled out a survey questionnaire that was sent out on social
media that asked if they were interested in being part of a study that involved an EEG. 9
participants responded. Each participant was sent a digital sheet that allowed them to fill in a
date and time that they were free and send it back to the researcher. Only 6 participants
responded. There were 3 non-COVID participants and 3 post-COVID-19 participants.
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Participants were given an informed consent sheet and required to sign it before the study
was to continue. After reading over the informed consent, the participant was hooked up to the
BIOPAC EEG software, using ECI electro gel to insert into electrodes with a blunt needle.
When set up was finished, researchers would leave the room and the participant would
take the Stroop task. After the completion of the task, every participant was distributed a
demographics survey. The demographics survey asked about the participant's age, sex, race, and
COVID vaccination status. The final question on the survey asked if the participant had ever
tested positive for COVID-19. If the participant answered that they had suffered from COVID19, they were distributed a COVID-19 Health Survey. The COVID-19 Health Survey scaled
participants' symptoms of when they had COVID and scaled their symptoms of long-COVID.
EEG & ERP Data Analyses
The complexion of ERPs and EEG needs a recording of repeated trials averaged together.
Among the 90 trials participants completed, those with eye blinks were removed, and the
remaining data was averaged together to create a “grand average”, or event-related potential.
Data was averaged with an epoch of 200ms before the presentation of the Stroop task and
800ms subsequently. This window of time allows for the extraction of small-amplitude voltage
fluctuations of brain activity, enabling ERP components such as the P300 to be revealed. A P300
component, for example, signifies an increase in the positive amplitude of approximately 300ms
post-presentation of stimuli.
Using the E-Prime software, the Stroop test being performed had two conditions where
there was the different color condition and the same color condition. Each participant had 90
trials each, and of the 90 trials, 4 of the trials were for blinking so that the EEG was working
correctly.
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This would occur while the participants would be hooked up to BIOPAC EEG software,
using ECI electro gel to insert into electrodes. We used Cz as a ground, and measured electrodes
T3, T4, F7, F8, Fp2, Fp1, Pz, and Fz. In addition, when measuring impedance, the score was
always 5 K Ohms ≯ 1 K Ohms.
Results & Discussion
The limited number of participants did not allow for statistical comparisons between COVID-19
and control groups. However, visual inspection of ERPs showed promising differences between
400 and 600 milliseconds. These 400 to 600 millisecond areas are called the Late Positive
Component (LPC), and this region is known for indexing working memory and attentional
processes (Luck 2005). These potential results show the potential for psychophysiological
research to detect cognitive differences between COVID-19 and non-COVID-19 individuals.

General Discussion
Coronavirus Disease 2019 is characterized by severe acute respiratory infection. It is the
7th human coronavirus currently known and has caused a worldwide pandemic. Previous studies
have shown that COVID-19 can be accompanied by cognitive impairments. However, longCOVID is still being studied. Experiment 1 was aimed at evaluating the mental functions of postCOVID-19 participants, using two tasks that focus on attention, processing, working memory,
and performance: the N-back task and the Stroop task. Experiment 2 was aimed at evaluating the
executive functions of post-COVID-19 participants, using the Stroop task while also having the
participants hooked up to the EEG, and analyzing each participant's ERPs.

24
Figure 2
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For Experiment 1, the N-back task was used to measure working memory, attention, and
cognitive functioning. Through this task, we measured the accuracy of the responses and the
response time given. There was not a significant difference between the COVID group and the
HC group in either accuracy or response time. However, there was a significant difference in
response time between the participants who were vaccinated and the participants who were
unvaccinated (p < 0.046).
For Experiment 1, the Stroop task was used to assess cognitive interference, processing,
and attention. In this task, we measured the accuracy of false responses (questions the
participants got wrong) whether if it was incorrect or missed it by responding too late,
furthermore, we measured the accuracy of correct responses or correct but was counted as a
‘miss’ due to responding too late. Response times were also measured through both false
answers and correct answers. All measurements showed no significance between the COVID-19
group and the HC group. All measurements were assessed through Jamovi using an ANOVA.
. Following the two tasks, participants were asked to take a survey assessing age, sex,
education, demographics, if they were vaccinated, and if the participant had suffered from
COVID-19. If the participant had, a separate survey would open for participants who had tested
positive and scaled their symptoms. All participants were females attending Eastern Kentucky
University. A correlation-regressions test was run through Jamovi to assess demographics and
age. No significance was given, except for vaccination status.
Six participants took part in Experiment 2, and both their behavioral and ERP data were
collected and examined. The focus was primarily on learning and developing computerized data
analysis programs. In particular, the use of MATLAB software and EEGlab were utilized to
transform the raw EEG to ERPs.
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The 6 participants’ data did not allow for statistical comparisons but did provide the
framework for collecting and analyzing data for continuing data collection and analyses past this
thesis.
Limitations
There were several limitations to this study. For Experiment 1, this study was done
during the COVID-19 pandemic (2020-2021), therefore it was done on each participant's laptop
and cannot account for computer error. Furthermore, there were limited COVID participants, and
the female to male ratio was significant.
In Experiment 2, our sample size was insufficient for statistical measurement.
Furthermore, there is no correct or proper assessment of “Long-COVID” as it has been shown to
have a multiorgan impact and is novel.
For both experiments, (1 & 2) one more important limitation is that our non-COVID-19
participants reported never testing positive. However, there could be participants within this
group who could have been asymptomatic at one point or another. Moreover, Long-COVID is
novel in research and therefore there is not a lot of previous research. This study also does not
account for the time of diagnosis of COVID-19 for the post-COVID-19 group. Another
limitation is that we cannot limit cognitive function assessments to just the Stroop and N-back
task. Despite these tasks being made for cognitive assessments, there are other cognitively
demanding tasks that could measure cognitive functioning.
Challenges to Data Collection & Analyses
Both the collection and analysis of EEG data proved challenging during this study.
Analysis of EEG data required learning three new applications: AcqKnowledge, E-Prime, and
EEGLAB. AcqKnowledge was used to record EEG data from the BIOPAC system. Setup of

27
AcqKnowledge included specifying proper channels, creating event markers, and analyzing data
in real-time to ensure the reliability of data during recording. E-Prime was used to design and
develop the Stroop test administered during EEG. Using Visual Basic programming language, a
Stroop test was programmed specifically for the EEG portion of the study. E-Prime communicated
in real-time with AcqKnowledge to ensure events were marked correctly within a 5-millisecond
window for later analysis. EEG data was analyzed in EEGLAB, a popular open-source program
used to analyze EEG data. EEG data recorded within BIOPAC AcqKnowledge was exported to a
MATLAB format. The exported data was imported into EEGLAB. Individual events, such as
target onset, response, and eyeblinks were imported into EEGLAB by importing event information
from channel information recorded by AcqKnowledge. Events were then renamed for organization
and later used in ERPLAB. EEG data was then cleaned by removing unnecessary channels.
ERPLAB, a plugin within EEGLAB, was used to create event-based epochs from EEG data. For
example, each onset (presentation of Stroop test) followed by response is a single epoch, therefore
approximately 86 individual epochs (representing 86 individual trials) were generated for each
participant. These epochs began at –200ms from stimulus onset to 800ms (about 1 second) poststimulus onset. A moving window peak-to-peak amplitude tool was used to detect potential
artifacts during epochs. Epochs that have artifacts such as eyeblinks were removed from
subsequent analysis. A high-pass ERP filter was then applied to the remaining epochs for enhanced
interpretation. Finally, an event-related potential was generated by computing the average of all
epochs together.
It is important to note that individual ERPs were generated for each participant. A total of
8 ERPs were created for each participant, one for each channel. ERPs generated for every
participant were then averaged together, separated by COVID vs. Non-COVID groups. Thus, a
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total of 16 ERPs are presented in the data: 8 for non-COVID participants, and 8 for positiveCOVID participants. These ERPs are presented on a graph depicting 8 unique channels. Each
graph has two lines: One for the group who had tested positive for COVID in the past, and one for
those who did not.
Future Directions
Coronavirus Disease 2019 is still ongoing and is becoming a part of everyday lives. However, this
does not negate the suffering of those who experience long-COVID and have symptoms that
impact their everyday lives. Other studies should follow COVID participants from their diagnosis
of COVID and follow their symptomology, and have the participants report if they are suffering
from long-COVID and its severity. Future studies should also look to see if participants were
hospitalized when they had COVID-19. Also, studies should look at participants of various ages
as this could greatly influence cognitive function and how COVID-19 could impact the executive
functioning.
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Appendices
Appendix A
Demographics Questionnaire for Experiment 1
COVID-19 Demographics Questionnaire
COVID-19 Effects on Mental Functions

1. Have you been vaccinated for the COVID-19 virus?
 Yes
 No
2. How many times have you received a COVID test?
 Never
 1-3 times
 4-7 times
 8+
3. Have you ever tested positive for COVID-19 (not including false positives)
 Yes
 No
4. Do you have a history of Traumatic Brain Injury (TBI)
 Yes


No
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Appendix B
COVID-19 Health Survey for Experiment 1

COVID-19 Health Survey
COVID-19 Effects on Mental Functions
1. How long has it been since you recovered from COVID-19?
Six months or longer





3-6 months



1-3 months



1-3 weeks

2. What symptoms did you experience?
a.
3. Were you hospitalized for COVID-19?


Yes



No

4. Do you still experience side effects even though you've recovered?


Yes



No

5. Did you experience “COVID Brain Fog” (Confusion, fatigue, headaches, loss of shortterm memory, psychosis or seizures)?


Yes



No

6. How often did you experience what is called "COVID Brain Fog"




Always

Most of the time
About half the time
Sometimes

 Never
7. How often does "COVID Brain Fog" interfere with daily life?
 Always
 Most of the time
 About half the time
 Sometimes


Never
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Appendix C
Demographics Survey for Experiment 2
COVID-19 Effects on Executive Functions
COVID-19 Demographics Questionnaire
1. How old are you?
· 18 – 25
· 26 – 35
· 36 – 45
· 46 – 55
· 56+
2. What is your biological sex?
· Female
· Male
3. What year are you in college:
· Freshman
· Sophomore
· Junior
· Senior
· Graduate
4. What race/ethnicity do you identify as?
· Native American/ Alaskan Native
· Asian
· Black / African American
· Native Hawaiian / Other Pacific Islander
· Caucasian
· Latinx
· 2 or more
· Other
5. Have you tested positive for COVID-19 (not including false positives?)

39
· Yes
· No
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Appendix D
COVID-19 Health Survey for Experiment 2
COVID-19 Effects on Executive Functions
COVID-19 Health Questionnaire
1. Are you vaccinated for COVID-19?
· Yes
· No
2. If you responded yes to the question above, did you receive your vaccination before you tested
positive for COVID-19?
· Yes
· No
3. Do you have a history of neurological problems?
· Yes
· No
4. How long has it been since you recovered from COVID-19?
· Six months or longer
· 3-6 months
· 1-3 months
· 1-3 weeks
5. What symptoms did you experience?
6. Were you hospitalized for COVID-19?
· Yes
· No
7. Do you still experience side effects even though you've recovered?
· Yes
· No
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COVID-19 severity symptom log
8. How many days were you unable to work (if none, then report 0): ___________
9. On a scale of 0 (no symptoms) – 10 (almost died), how would you rate the severity of your
symptoms of COVID-19? Provide a number between 0 – 10: ___________
10. Did you experience “COVID Brain Fog” (Confusion, fatigue, headaches, loss of short-term
memory, psychosis or seizures)?
· Yes
· No
11. How often did you experience what is called "COVID Brain Fog"
· Always
· Most of the time
· About half the time
· Sometimes
· Never
12. How often does "COVID Brain Fog" interfere with daily life?
· Always
· Most of the time
· About half the time
· Sometimes
· Never
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